Objective. We conducted an evaluation to determine if the number of claims reimbursed for caries-related procedures for children in the New York State Medicaid program varied by county fluoridation coverage.
Community water fluoridation (CWF) is a classic example of a population-based strategy for controlling dental caries (tooth decay), a common chronic disease. 1 It focuses on environmental and policy changes instead of relying on changes in individual behavior, and reaches large segments of the population at a low cost. CWF not only incorporates fluoride into developing teeth, but it also frequently delivers low levels of fluoride to saliva. Furthermore, salivary and plaque fluoride concentrations are likely to be directly related to water fluoride concentrations among children. 2 The Centers for Disease Control and Prevention (CDC) estimates that for every dollar spent, CWF saves $38 in treatment costs. 3 In Colorado, fluoridation was associated with annual savings of $148.9 million in 2003, or a mean of $61 per person. 4 Despite these obvious advantages, only 69.2% of the U.S. population served by community water systems received optimally fluoridated water in 2006. Only 25 states and the District of Columbia have met the U.S. Public Health Service Healthy People 2010 goal of reaching 75% of the population on public water supplies. 5 There are many reasons why other states have not met the objective. Laws for implementing CWF vary widely, with only 12 states and the District of Columbia mandating CWF on a statewide basis. 6 In most states, CWF is enacted by a local body, either by ordinance or by a referendum. The concerns that are often raised during the discussions about fluoridation cover a broad range of issues including perceived risk and harm of adding fluoride to the water supply; lack of resources to purchase equipment and chemicals, which has substantially increased in recent years; quality and quantity of studies to demonstrate benefits and absence of risks; technical feasibility; the notion that caries is not a problem in the community; ideas speculating that fluoride's main mode of action is topical (hence, no need for systemic ingestion) or that alternative caries prevention programs are just as effective; and debate about individual freedom and community benefit. [7] [8] [9] The Guide to Community Preventive Services found strong evidence for promoting and continuing community water fluoridation. 10 However, some communities have not considered it or have questioned its continuation because the benefits are not easily discernable, and doubts about fluoride's safety, though unfounded, can easily be misleading when raised by opponents. [11] [12] [13] The finding that dental caries in children has declined in fluoridated and non-fluoridated areas makes it more challenging to argue for the continuation of fluoridation. Fluoride is now available from other sources such as toothpaste, tablets, and rinses, thus making it appear that fluoridation is unnecessary. [14] [15] [16] Despite the availability of these other sources of fluoride, two large national studies conducted during the 1980s in the U.S. reaffirmed the benefits of CWF. 17, 18 The National Children's Caries Survey showed that children living in fluoridated areas had 18% to 25% fewer carious lesions compared with those living in non-fluoridated areas. 14 The National Preventive Dentistry Demonstration Program (NPDDP) also showed that CWF was the most cost-effective of various types of combinations of school-based preventive dental care procedures. 14, 17 However, such studies are unlikely to be repeated because it would be difficult to justify their cost given the already available weight of evidence regarding the safety, effectiveness, and cost savings of fluoridation. Therefore, researchers have used other resources, such as Medicaid claims data and economic models, to assess the impact of CWF on the cost of providing dental treatment. 4, 19, 20 Although numerous epidemiologic studies in New York State (NYS) have shown the safety and effectiveness of fluoridation in reducing caries, data on the impact of the fluoridation program on Medicaid claims could be more convincing to policy makers at the local level. 15, [21] [22] [23] [24] [25] Therefore, an evaluation was undertaken to determine if the number of claims reimbursed for specific caries-related services for children in the Medicaid program varied by county fluoridation coverage. The analysis assessed if the extent of fluoridation is correlated with the mean number of claims reimbursed for restorative, extraction, and endodontic procedures (caries-related services) performed under the Medicaid program to treat dental caries in the Early Periodic Screening, Diagnosis, and Treatment (EPSDT) program age range.
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Medicaid utilization and expenditure data
We obtained all of the reimbursed claims for dental procedures performed under the Medicaid program for 57 counties and New York City during the 2006 calendar year from the NYS Department of Health's Office of Health Insurance Programs. The analysis was limited to 606,125 children (unduplicated) younger than age 21 who had at least one claim for a dental procedure. For calculating the number of claims per child as an indicator, we selected the number of recipients as the denominator because it reflects the actual number of services delivered per child. Adults were excluded because of their uncertain residential history and the possibility of claims submitted for them for replacement of old fillings and for extractions due to conditions not related to caries. Children's current residential history is more likely to reflect exposure to fluoridation. They are less likely to get replacement fillings, and tooth extractions in children are mainly to treat caries. Dental procedures were grouped by Current Dental Terminology (CDT) procedure codes, and categorized broadly into caries-related (e.g., extraction, endodontic, and restorative) and non-caries-related services (e.g., all other services).
County water fluoridation coverage
We determined fluoridation coverage for each county using the CDC-based Water Fluoridation Reporting System (WFRS), which provides information concerning the population receiving fluoridated water for each county. 26 The percentage of people receiving fluoridated water in each county was determined by dividing the number of residents on fluoridated water by the total population from the 2007 U.S. Census data. 27 Next, we categorized counties according to the percentage of the population on fluoridated water into three strata: less fluoridated (#30%), partially fluoridated (31% -69%), and predominantly fluoridated ($70%) to obtain two groups of counties with the least and greatest penetration of water fluoridation. We considered the NYS mean of 70% of the population on public water supplies receiving fluoridated water as predominantly fluoridated because we estimated that this is likely to be the maximum extent of fluoridation in most counties. Similarly, the opportunities for increasing the percentage covered by fluoridation are greatest in counties with fluoridation levels below 30%, which closely approximates to a tertile.
Demographic information
We obtained demographic information from the 2006 U.S. Census data, the 2006 KIDS COUNT Data Book, and the Kids' Well-being Indicators Clearinghouse (KWIC) to compare the characteristics of fluoridated and non-fluoridated counties. 28- 30 We merged these datasets and conducted analyses using SAS ® version 9.1. 31
Claims for dental procedures
We based the analysis on 787,067 claims for the treatment of caries (i.e., restorative, extraction, and endodontic procedures) and 1,094,332 claims for all other procedures not related to the treatment of caries. We excluded claims related to diagnostic and oral prophylactic services for calculating non-caries-related procedures, as these are also related to the treatment of caries. We calculated the mean number of claims per recipient in each county separately for the treatment of caries and all other procedures using the total number of children who received a dental service as the denominator. We developed scatter plots to visualize the mean number of claims per recipient according to the fluoridation status of the county. Spearman's correlation coefficients were calculated to assess the relationship between the extent of fluoridation in a county and the mean number of claims. We also calculated the mean number of claims for the less fluoridated, partial, and predominantly fluoridated counties for three age groups.
We used a linear regression model to assess the effect of county fluoridation coverage on mean number of claims after controlling for county-level characteristics shown in Table 1 . The model included county-level characteristics such as the percentage nonwhite, the percentage of children participating in the free or reduced school-lunch program, the percentage urban, and the number of dentists who submitted at least one claim per 100,000 Medicaid-eligible clients.
ReSUl t S Table 1 shows the characteristics of the counties by fluoridation status, including selected demographic characteristics, the percentage of population groups receiving fluoridated water, Medicaid enrollees per provider, and the utilization rate of the counties by assigned fluoridation coverage status. We assigned New York City to a separate group because its demographic characteristics are different from the other counties. Demographic characteristics for the predominantly fluoridated counties and less fluoridated counties were comparable.
The mean numbers of claims for restorative, endodontic, and extraction procedures per recipient for less fluoridated, partially fluoridated, and predominantly fluoridated counties were 1.66, 1.33, and 1.23, respectively ( Table 2) . Compared with the predominantly fluoridated counties, the mean number of restorative, endodontic, and extraction procedures per recipient was 33.4% and 8.1% higher in less fluoridated and partially fluoridated counties, respectively. We consistently observed this difference in every age group. The Figure shows a scatter plot of claims for the mean number of restorative, endodontic, and extraction procedures per recipient. The results show that as the county fluoridation coverage increased, the mean number of claims per recipient decreased (Spearman's correlation coefficient 5 20.54, p,0.0001). The dispersion of the data expressed as a coefficient of variation around the mean number of claims was larger in less fluoridated counties when compared with that in more fluoridated counties.
The mean number of claims per recipient for noncaries-related claims did not follow the same pattern as that for procedures performed for the treatment of caries. There was no correlation between county fluoridation coverage and mean claims per recipient for non-caries-related procedures (Spearman's correlation coefficient 5 20.06909, p50.6063).
The regression analysis showed that for every 10% increase in the fluoridation status of a county, the number of claims per child for caries-related services declined by 0.06 (p,0.01) ( Table 3) . This equates to a difference of 60 claims per 100 children when the county's fluoridation status changes from zero to 100%.
DiSCUSSio N
The analysis of the data showed fewer claims per recipient for procedures related to caries in predominantly fluoridated counties compared with less fluoridated counties. The finding that claims for caries-related procedures, but not other dental procedures, were correlated with the fluoridation status of the county strengthens the contribution of fluoridation in explaining this geographic variation. It is highly unlikely that a systematic error favoring fluoridation has occurred with respect to only caries-related procedures but not non-caries-related procedures. Furthermore, a finding of greater variation among less fluoridated areas is consistent with the effect of fluoridation in that while fluoridation reaches all segments of the population, other alternatives can have varying effects.
Based on the NYS Medicaid Fee Schedule, a single claim for a simple restoration on a permanent tooth costs $55. It can range from $43 to $580, depending upon the procedure performed. Therefore, the mean cost of a simple restorative service per Medicaid recipient is estimated to be $91.30 (1.66 claims 3 $55) and $67.65 (1.23 claims 3 $55) in less fluoridated and predominantly fluoridated counties in NYS, respectively. The difference between these two groups in treatment costs per recipient (younger than 21 years of age) averaged $23.63, assuming that all of them received a simple restoration. This is a conservative estimate, as claims for adjunctive services such as examinations; radiographs and complex treatments; and costs related to transportation, emergency room visits, and lost productivity are not included. Such annual decreases in claims per recipient when applied to lifetime exposure of the whole population have large societal benefits. This assumes greater importance for counties in NYS, as their share of Medicaid contribution is significantly 19 In the Texas Health Steps (EPSDT-Medicaid) program, the mean dental treatment cost per child decreased by $24 for a unit increase in fluoridation level (0.0 milligrams/liter fluoride (mg/L F) to 1.0 mg/L F). 20
Implications
These findings have implications for promoting policies at the federal and state levels to strengthen the fluoridation program. Recently, many communities have considered discontinuation of water fluoridation due to the increased cost of chemicals. Basically, the savings associated with fluoridation are not linked to the costs carried by the community water supplier. Therefore, policy initiatives that provide more direct links between fluoridation costs and benefits may be attractive. Such initiatives may include subsidies for water system infrastructure and chemical costs. Initiatives that involve disincentives and incentives for communities and insurance programs could be explored. 32
Limitations and considerations of alternative explanations
This study was subject to several limitations. An evaluation study such as this could be undertaken only in states where there is wide geographic variation in population coverage by fluoridation. Although approximately 12 million NYS residents receive fluoridated water, only about 40% of residents outside New York City live in fluoridated communities. Therefore, populations were available to assess the impact. However, measuring the impact of fluoridation to control dental caries is difficult because it is characterized by a complex interaction of multiple risk factors. Epidemiologic studies require follow-up of individuals for a long period of time and careful documentation of exposure to fluoridation, and other sources of fluoride, at the individual level. Furthermore, the diffusion of fluoride-added drinking water to non-fluoridated areas via processed beverages dilutes the effects. 33 The cost of undertaking an evaluation of such a proven population-based intervention can be enormous and, thus, difficult to justify. It is even more challenging to design such evaluation studies because fluoridated and non-fluoridated communities may be inherently different with respect to known and unknown variables. Communities decide to adopt fluoridation because of high levels of dental caries. However, an indirect assessment by limiting the analysis to the Medicaid population may be more valid because to some extent, the eligibility for Medicaid is based on uniform criteria and, therefore, this population is more homogeneous than the general population.
Many factors influence geographic variation in the mean number of claims for caries-related procedures, such as enrollment rates in Medicaid, disease occurrence, availability of dentists, and subsequent treatment. Therefore, one should be cautious in attributing this geographic variation solely to water fluoridation. Furthermore, the availability of fluoride in beverages and fluoride provided through organized programs, which distribute tablets and rinses in non-fluoridated communities, may underestimate the effect of fluoridation. A survey of third-grade children in less fluoridated communities in NYS showed that reportedly 20% to 80% of children had received fluoride tablets on a regular basis. 34 About 100,000 school-aged children in non-fluoridated areas are targeted for participation in a weekly fluoride rinse program. In addition, toothpaste and processed beverages are the other sources of fluoride. Programs such as school-based sealant programs are also available in these areas. Therefore, the observation of an effect in fluoridated counties is impressive. Note: Each data point reflects the relative size of the eligible population. The coefficient of variation was 27.2%, 23.4%, and 18.3%, respectively, for #30%, 30%-69%, and $70% county fluoridation coverage.
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A limitation of this study was the use of Medicaid administrative data, for which the accuracy of reporting of claims is unknown. There are three different reimbursement methods in the NYS Medicaid program, which could have led to under-or overreporting of claims. However, there is no reason to believe that the reporting is associated with the fluoridation status of a county. We measured the exposure to fluoridation at the ecologic level, and covariates at the individual level were not available to control for confounding.
The length or magnitude of the children's exposure to fluoridation and other sources of fluoride were not available and, therefore, a comparison made between more and less fluoridated counties could lead to misclassification of children with respect to exposure. Also, we did not have data to verify that the water systems maintained fluoride concentrations at the optimal level. In addition, the extent of the use of other preventive measures is unknown. Furthermore, only aggregate-level claims at the county level were available. Nevertheless, one can examine alternative explanations for the geographic variation. First, utilization of services can vary depending upon the availability of dentists. However, the overall utilization among these predominantly fluoridated and less fluoridated counties was largely similar (33% vs. 29%). Second, dental caries is cumulative and, therefore, age of children can affect service utilization and the mix of services ( Table 2 ). In this study, there were consistently fewer claims for caries-related procedures in every age group. Finally, dental sealants are also effective in preventing dental caries, but fewer than 8% of all children in the Medicaid program receive sealants. Furthermore, the difference in claims was observed even in the youngest age group who do not receive sealants.
In general, ecologic studies only provide weak evidence for establishing causal relationships. Therefore, to establish causality, these types of studies must be followed by more rigorous, analytical approaches. We justify the use of an ecologic design for this analysis because it is used as an evaluation method to monitor the benefits of a proven population-based intervention. The effectiveness, safety, and cost savings of fluoridation have been demonstrated, and the biological mechanism of fluoride action is established. Furthermore, we explored alternative explanations, such as the availability of dentists, age distribution, service mix, urban-rural nature, and poverty level of the county.
Although the use of Medicaid administrative data is a limitation of this study, there are several advantages: these data are readily available, this study is based on the whole population rather than a sample, and the number of children receiving the benefits is large. As it stands, this analysis of children enrolled in the Medicaid program serves as a surveillance study of the fluoridation program.
Co NCl USio NS
We found that the mean number of claims for cariesrelated services for children in the NYS Medicaid program was correlated with the extent of fluoridation in a county. These annual decreases in claims per recipient, when applied to lifetime exposure of the whole population, have large societal benefits. These findings, added to the already existing weight of evidence, have implications for promoting policies at the federal and state levels to strengthen the fluoridation program. Estimated decrease in the mean number of claims per child is based on a 10% increase in fluoridation coverage of a county. An increase from 0% to 100% in fluoridation equates to a decline of 0.6 claims per child.
